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1 Introduction 

In 2013, the IceCube collaboration announced the first discovery of two high energy cosmic 
neutrino events whose energy was around 1 PeV m- After three years of data taking, they 
now show the spectrum of cosmic neutrino at the energy range between 0(100) TeV and 
0(1) PeV [3]. Although the data contain the events originated by atmospheric neutrino, 
the hypothesis that all of these events caused by atmospheric neutrino has already been 
rejected at more than 5 a confidence level. They definitely observe neutrinos that come 
from astrophysical objects, such as active galactic nuclei and gamma-ray burst. Although 
the event number is still small, the spectrum already shows us interesting features. For 
example, there is no event observed in the energy range above 3 PeV. It seems that there is 
a sharp edge at 3 PeV. Here, we are motivated by another intriguing feature of the spectrum, 
which is the gap of neutrino events between 400 TeV and 1 PeV. Although the gap has not 
been statistically established yet, it might be an interesting clue of new physics, because 
such a gap structure does not fit to a simple power-law spectrum which cosmic ray flux 
often follows. At the same time, there is also a long-standing gap in the elementary particle 
physics, which is the gap between theory and experiment in the muon anomalous magnetic 
moment. In this study, we try to make a gap in the cosmic neutrino spectrum and fill the 
gap in the muon anomalous magnetic moment, introducing one new physics. 

2 IceCube Gap 

The gap in the cosmic neutrino spectrum has already been discussed from the particle 
physics point of view in many literature. The relevant new physics falls into the following 
three categories: 

1. New physics at source: Both of the first two events announced by IceCube had energy 
of 1 PeV [1, E]. This line spectrum can be explained by two-body decay of a new 
particle with a mass of 2 PeV, and this new heavy particle is a good candidate of dark 
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matter. Although the cosmic neutrino spectrum now becomes broad, the relation 
between cosmic neutrino and dark matter, which is suggested by this scenario, is 
quite attractive. There are recent reanalyses (see e.g., 0 )- 

2. New physics in propagation pa ei 0 ® is noi: Cosmic neutrino with a particular 
energy gets scattering with the cosmic neutrino background through a new interaction. 
Resonant scattering is nice to explain a narrow gap in the spectrum. 

3. New physics at detection (see e.g., HU): New charged current interaction in the 
neutrino detection process can make a bumpy structure in the spectrum. 

We pursue the second possibility, i.e., we assume that cosmic neutrinos with the energy 
corresponding to the IceCube gap (400 TeV-1 PeV) are scattered by the cosmic neutrino 
background through a new interaction between neutrinos. 

3 Model and muon anomalous magnetic moment 

To realise the scenario, we introduce a leptonic gauge interaction mediated by Z'. The 
introduction of a neutrino interaction inevitably brings also a charged lepton interaction 
through the SU (2 )l symmetry. Since a new leptonic interaction with electron is disfavoured 
by a variety of laboratory experiments, we examine the gauge interaction associated with 
muon and tau flavour. In order to take the gauge anomaly free condition into account, we 
assign the opposite charge to tau to that of muon mm- The interaction Lagrangians of 
the model are given as 

£z' = gz'Lfj.YL^Zp + gz'WRl p HR z 'p ~ gz'L T l p L T Z' p - gz ,7 niY T R z 'p^ (1) 

which contains not only the neutrino interaction relevant to the IceCube spectrum, but also 
charged lepton interactions. The charged lepton part, namely Z' interaction with rnoun, 
gives us a chance to address the gap in the muon anomalous magnetic moment. The left 
plot in Fig. [I] shows the parameter region on which Z' makes a contribution to the muon 
anomalous magnetic moment with an appropriate size to explain the observation. The Z' 
interaction with charged leptons are constrained by various experiments such as colliders 
and meson decays, and the most stringent constraint is provided by the measurement of the 
neutrino trident process: u t ,N —» v p g~g + X [B,|T5]. The region excluded by the trident 
process is indicated with hatch on the left plot of Fig. [U The parameter region is narrowed 
down to the stripe of gz 1 ~ 0(1O -4 ) and Mz' 100 MeV. We adopt 

g Z ' = 5.0 • 10“ 4 , M Z i = 2.75 [MeV] (2) 

as a reference choice of the parameters, which is marked with x on the plot. 
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Figure 1: [Left] The parameter region favoured by the observation of the muon anomalous 
magnetic moment is indicated by red. The hatched region is excluded by the neutrino 
trident process. [Right] The IceCube data is given with crosses. The blue dashed curve is 
a spectrum predicted by the gauged L M — L r model. The plots are taken from [9j . 


4 Mean free path and cosmic neutrino flux 


The cross section of the scattering process between a cosmic neutrino and a cosmic neutrino 
background (CbB) is calculated to be 
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where gij is the Z' coupling in the mass eigenbasis, T z' is the decay width of Z' , and s is 
the centre of mass energy, which is estimated as 2m v E u at the CbB rest frame. In order 
to make a resonance (s = M |,) at the energy E v corresponding to the IceCube gap (~ 1 
PeV) with neutrino mass m u of 0(0.1) eV, the mass of Z' must be set to 0(1) MeV. We 
also require that cosmic neutrinos with the energy corresponding to the IceCube gap do 
not travel the distance between their sources and the Earth to reproduce the gap. The 
averaged travelling distance of cosmic neutrino can be estimated with the mean free path 
A which is roughly given as l/(nci/B cr ) where bob is the number density of CbB in the 
Universe. Our requirement, A < 0(1) Gpc, leads that the coupling gz> must be larger than 
0(1O~ 4 ). Interestingly, the IceCube gap suggests almost the same parameter region as the 
muon anomalous magnetic moment does (cf. Fig. [I]). 

Taking account of the effect of Cz/B temperature and the redshift dependence of the 
mean free path, we numerically calculate the cosmic neutrino flux <f(E u ) which is shown 
with the blue dashed curve in the right panel of Fig. [l] Here we assume that the original 
cosmic neutrino flux at source follows a power-law spectrum (oc E~ 2 ' 3 ) and the source 
is located at the redshift of z = 0.2. For neutrino mass spectrum, we take the inverted 
hierarchy and set the lightest neutrino mass to 3.0 • 10~ 3 eV. The curve fits nicely to the 
observed flux which is indicated with crosses in the right panel of Fig. [lj The details of our 
setup and calculations can be found in [9|. 
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5 Summary 


Introducing a new C/(l)r _l t gauge symmetry, we have successfully reproduce the gap in 
the cosmic neutrino spectrum reported by the IceCube collaboration, and at the same time 
we have made an additional contribution to the muon anomalous magnetic moment, which 
fills the gap between the standard model prediction and the experimental observation. 


6 Acknowledgments 

This work is supported by Japan society for the promotion of science: KAKENHI (Grant- 

in-Aid for scientific research) on Innovative area “Neutrino Frontier” #26105503. 

References 

[1] M. G. Aartsen et al. [IceCube Collaboration], Phys. Rev. Lett. Ill (2013) 021103 
arXiv: 1304.5356 [astro-ph.HE]]. 

[2] M. G. Aartsen et al. [IceCube Collaboration], Science 342 (2013) 1242856 
arXiv:1311.5238 [astro-ph.HE]]. 

[3] M. G. Aartsen et al. [IceCube Collaboration], Phys. Rev. Lett. 113 (2014) 101101 
arXiv: 1405.5303 [astro-ph.HE]]. 

[4] C. Rott, K. Kohri and S. C. Park, arXiv: 1408.4575 [hep-ph], 

[5] K. Ioka and K. Murase, PTEP 2014 (2014) 6, 061E01 arXiv: 1404.2279 [astro-ph.HE]]. 

[6] K. C. Y. Ng and J. F. Beacom, Phys. Rev. D 90 (2014) 6, 065035 [Phys. Rev. D 90 
(2014) 8, 089904] [arXiv: 1404.2288 [astro-ph.HE]]. 

[7] M. Ibe and K. Kaneta, Phys. Rev. D 90 (2014) 5, 053011 j arXiv: 1407.2848 [hep-ph]]. 

[8] K. Blum, A. Hook and K. Murase, arXiv: 1408.3799 [hep-ph], 

[9] T. Araki, F. Kaneko, Y. Konishi, T. Ota, J. Sato and T. Shimomura, Phys. Rev. D 91 
(2015) 3, 037301 [arXiv: 1409.4180 [hep-ph]]. 

[10] A. Kamada and H. B. Yu, arXiv: 1504.00711 [hep-ph], 

[11] V. Barger and W. Y. Keung, Phys. Lett. B 727 (2013) 190 arXiv: 1305.6907 [hep-ph]]. 

[12] R. Foot, Mod. Phys. Lett. A 6 (1991) 527. 

[13] X. G. He, G. C. Joshi, H. Lew and R. R. Volkas, Phys. Rev. D 43 (1991) 22. 

[14] W. Altmannshofer, S. Gori, M. Pospelov and I. Yavin, Phys. Rev. Lett. 113 (2014) 
091801 |arXiv: 1406.2332 [hep-ph]]. 

[15] S. R. Mishra et al. [CCFR Collaboration], Phys. Rev. Lett. 66 (1991) 3117. 


4 






